Summary. Bilateral 
Introduction
Olfactory impairment brought about by removal of the olfactory bulbs, has been used to demonstrate the importance of olfaction in reproduction with particular reference to sexual and maternal behaviours and the regulation of gonadal function (Murphy, 1976) . In small mammals such as the mouse (Lamond, 1958; Vandenbergh, 1973) and hamster (Carter, 1973) , olfactory bulbectomy leads to irregular oestrous cycles. Of the large mammals, the pig has a very well developed sense of smell, and experiments have been carried out on the role of olfaction in reproduction in this species (Hafez & Signoret, 1969; Booth, 1980) . Signoret & Mauléon (1962) found that olfactory bulbectomy in post-pubertal gilts resulted in prolonged anoestrus when the removal of bulb tissue was complete, but there was no effect on oestrous cycles in pigs with partial lesions of the olfactory bulbs or in sham-operated animals. However, bilateral olfactory bulbectomy in prepubertal gilts had no adverse effect on their ability to mate and produce normal litters when they were mature (Meese & Baldwin, 1975) although it was possible that puberty may have been delayed (Kirkwood, Forbes & Hughes, 1981) . Olfactory bulbectomy in prepubertal boars had no significant effect on their sexual maturation (Booth & Baldwin, 1980) . In view of the apparent differences in the degree of disruption of ovarian activity depending on whether gilts are bulbectomized before or after puberty, we ( 1 ) re-examined the work of Signoret & Mauléon (1962) and obtained more detailed endocrine data, and (2) determined whether any induced anoestrus was permanent.
Materials and Methods
The findings of an initial study (Exp. 1) and . Details concerning the supply of antisera against oestrogen and progesterone, and crossreactions of various steroids to the antisera, and the supply of tracer steroids have been described by Newcomb, Booth & Rowson (1977) . The progesterone radioimmunoassay was modified so that the steroid was measured directly in the plasma without solvent extraction as described by Newcomb et al (1977) . The within-and between-assay coefficients of variation for progesterone were < 18%, and the within-and between-assay coefficients of variation for total unconjugated oestrogen were < 11%. The minimum amounts of progesterone and oestrogen that were distinguishable from the blank were about 20 pg and 5 pg respectively. LH was measured by radioimmunoassay as described by Niswender, Reichert & Zimmerman (1970) , using porcine LH (LH-GPZ-1); the potency and purification of LH and the radioiodination technique have been described previously (Ziecik, Goralska, Krzymowski & Pogorzelski, 1978) . LH was measured in all plasma samples in one assay, details of the specificity, reproducibility and sensitivity are published elsewhere (Garverick, Polge & Flint, 1982) .
Morphological characteristics
None of the pigs was killed before 18-30 months after bulbectomy so that the incidence of anoestrus could be monitored over a period of at least 1 year. After slaughter the reproductive tracts and heads were examined, and the status of the ovary with reference to the gross appearance of follicles, corpora lutea and corpora albicantia was noted, and the length of each uterine horn was measured. The heads were dissected to expose the ethmoturbinate bones with overlying olfactory epithelium, the ethmoid fossa and cribriform plate, and the forebrain. Samples of olfactory epithelium were removed from the ethmoturbinate bones and processed for histology and histometric analysis as described by Booth & Baldwin (1980 (Table 2) .
Hormone profiles showed normal cyclic fluctuations during the period when oestrous cycles were regular in the pre-operative and early post-bulbectomy period. During the ensuing prolonged anoestrous period after bulbectomy, oestrogen remained at non-ovulatory levels (10-30 pg/ml) while progesterone and LH were low (<0-5 ng/ml and <1 ng/ml respectively).
Experiment 2
The incidence of behavioural oestrus and anoestrus after olfactory bulbectomy in the pigs in Exp. 2 (Text- fig. 1 ) followed a pattern similar to that for pigs in Exp. 1. Anoestrus was particularly (Table 3) . (An exception was Pig C39A which was behaviourally anoestrous, but showed young corpora lutea and large corpora albicantia and well developed uterine horns.) Although the persistently anoestrous Pig C10 had relatively long fig. 1 ).
Olfactory region at slaughter
In all the bulbectomized pigs the gross anatomical appearance of the ethmoid fossa and forebrain region showed that no olfactory bulb tissue was present, and that the preoptic region was intact. The forebrain had partly occupied the ethmoid fossa and was separated from the cribriform plate by connective tissue, which in some pigs had ossified to form a thin plate of bone. The perforations in the cribriform plate which allow the axons of the receptor cells in the olfactory epithelium to make contact with the olfactory bulbs, were occluded with bone in the bulbecto¬ mized pigs.
The height (mean ± s.e.m.) of the olfactory epithelium overlying the ethmoturbinate bones in the bulbectomized pigs was 82-4 ± 2-70 µ (left side), and 85-4 ± 3T7 µ (right side) in Exp. 1, and 70-7 ± 5-49 µ (left side), and 85 ± 9-53 µ (right side) in Exp. 2. The height of the olfactory epithelium in the present study was comparable to that found previously in bulbectomized pigs (Booth & Baldwin, 1980) , and was in keeping with the maximum degree of regeneration seen after bulbectomy (Booth, Baldwin, Poynder, Bannister & Gower, 1981) .
Discussion
The results confirmed the findings of Signoret & Mauléon (1962) that total olfactory bulbectomy in post-pubertal female pigs leads to prolonged anoestrus lasting at least 100 days. However, the present study has also provided more information on the effects of olfactory bulbectomy in relation to other factors which are known to be involved in the regulation of ovarian function.
The return to oestrus which soon followed the change of habitat in Exp. 1, particularly in those pigs cohabiting with a boar, could have been due to transporting the pigs to a new environment, with an additional stimulus if a boar was present, or may have been caused by a seasonal effect. There was also the possibility that all these factors were involved. Experiment 2 was designed to examine at least two of the possible influences on oestrous cyclicity. The fact that anoestrus again occurred during the summer months in all pigs regardless of whether they were cohabiting with a vasectomized boar, and that regular oestrous cycles were resumed in late autumn when the pigs remained in their home pens, strongly indicated that a seasonal component was involved in initiating the return of regular oestrous cycles.
Other studies have shown that cyclic ovarian activity in the pig in the northern hemisphere is more readily initiated during the late autumn to spring. For example, exogenous oestrogen is most effective in inducing puberty in late autumn and winter (Foxcroft, 1979) , and Hurtgen, Leman & Crabo (1980) found the interval between weaning and first oestrus in the sow was shorter at this time of the year. Conversely, in the present study the 3 sows with piglets that were weaned in early summer, had a long delay before their first oestrus after weaning, and then failed to maintain regular oestrous cycles. This finding was coincident with the summer anoestrus which occurred in the non-pregnant bulbectomized gilts, and to a lesser extent in a normal population of pigs studied by Hurtgen et al (1980 (Mauget, 1982) . The overall effect of these two breeding states is that most pigs (including unmated females) in the population are anoestrous from June to December; regular oestrous cycles are resumed between December and May.
In the wild boar it seems that nutrition can influence ovarian activity in so far as oestrous cycles are resumed earlier in the autumn when food is plentiful. However, Mauget (1982) concludes that a photoperiodic factor is the most likely environmental stimulus involved in the maintenance of the anoestrous state following lactation, and subsequent resumption of oestrous cycles in the winter. Although the domestic pig is generally not considered to be a seasonally breeding animal, evidence obtained from the present study on bulbectomized pigs for which nutrition was constant, and that of Hurtgen et al (1980) in which anoestrus did not appear to be related to temperature changes, suggests that a photoperiodic factor might influence the maintenance of cyclic ovarian activity in the domestic pig.
Since anoestrus in the wild pig is associated with high levels of plasma prolactin (Mauget, 1982) , it has yet to be determined whether anoestrus following bulbectomy is also associated with high levels of this hormone. Plasma LH and progesterone values were low during prolonged anoestrus in Exp. 1 and this agrees with the histological appearance of the pituitaries in the study of Lisk, 1978) . The olfactory bulb has neural connections with the preoptic region and hypothalamus through the medial nucleus of the amygdala and stria terminalis (Scalia & Winans, 1976) . Failure of behavioural oestrus was unlikely to be due to a lack of oestrogen, since PMSG and hCG in all but one pig resulted in a red and swollen vulva associated with a normal ovulatory response, but there may have been a deficiency in progesterone (Lisk, 1978) . Inhibition of both the lordosis response and ovulation in bulbectomized pigs could be due primarily to inadequate production of gonadotrophin-releasing hormone. There is evidence that gonadotrophin-releasing hormones have a direct effect on lordosis behaviour in the rat (Sakuma & Pfaff, 1980) . It is possible that after bulbectomy in the pig a small reduction in gonadotrophin-releasing hormone might only affect the lordosis response, whereas a larger reduction in releasing factor might additionally prevent ovulation because of an inadequate release of gonadotrophins. A number of studies in the pig demonstrate the importance of olfactory stimuli originating in the boar to the lordosis response (see review by Booth, 1980; Perry, Patterson, MacFie & Stinson, 1980) and the induction of puberty in gilts (Kirkwood et al, 1981; Kirkwood, Hughes & Booth, 1983) .
In conclusion, the data from this study and others indicate that olfactory stimuli and season are important modulators of the hypothalamic-pituitary-ovarian axis in the pig. The importance of these environmental factors may be diminished in the domestic pig compared with the wild pig, because of its controlled social and physical environment, but the degree to which photoperiodic stimuli might be acting with olfactory stimuli to regulate reproduction in the pig, as has been shown in the rat (Reiter, Petterborg, Trakulrungsi & Trakulrungsi, 1980) , is a topic requiring further investigation.
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